N,N-dihydroxybenzene-1,3-dicarboximidoyl dichloride was synthesized from benzene-1,3-dicarboxaldehyde and characterized by fourier transform infrared spectroscopy (FT-IR) and nuclear magnetic resonance ( 1 H and 13 C NMR). The elastomer was prepared through the 1,3-dipolar cycloaddition of reaction between liquid polybutadiene (LPB) and isophthalonitrile oxide in this work. The tensile strength of different elastomer was enhanced from 0.14 MPa to 0.33 MPa as the elongation at break decreased from 145% to 73%, and the modulus increased from 0.09 kPa to 0.47 kPa. The parameters of kinetic indicated that the curing reaction was fi rst order reaction and the apparent activation energy of each curing system was less than 10.10 kJ/mol when the content of N,N-dihydroxybenzene-1,3-dicarboximidoyl dichloride was increased from 7% to 12%. These results suggested that nitrile oxides achieved curing of polymer binders at room temperature and this work had defi nite guiding signifi cance for the application of nitrile oxides in polymer binders.
INTRODUCTION
Polymers binder as a binder in the composite solid propellants is generally accepted, such as polyurethane, glycidyl azide polymers and hydroxyl-terminated polymers 1-3 . The necessary mechanical properties and structural integrity of composite solid propellants are required by polymer binders 4 . In recent years, the polymer/isocyanate curing system has been extensively used in composite solid propellant. The curing system has some problems of high curing temperature, greater shrinkage stress during curing, depending, cracking and other defects in the cured product 5 . Hence, there is another type of non-isocyanate adhesive curing technology to solve the polymer/isocyanate curing system of problems
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. Non-isocyanate adhesive curing technology has unique advantages of good environmental adaptability, low toxicity, excellent performance, easy formability, compatible with ammonium dinitramide (ADN) and low-cost.
Non-isocyanate adhesive curing technology is a 1,3-dipolar cycloaddition of reaction which can achive polymer adhesive curing, reduce the curing temperature, improve the properties of composite solid propellants, form non--volatile component and stay in the curing system 7-11 . Nitrile oxide holds the highest activity in the 1,3-dipolar cycloaddition reaction, usually containing RC≡NO structure 12 . Its functional group -CNO has highly polarized C-N and N-O, which are capable of reacting with the unsaturated bond (C=C, C≡C) through the 1,3-dipolar cycloaddition reaction. Nitrile oxide has a higher curing activity than azide group, which is almost cured at room or lower temperature.
Polyfunctional nitrile oxides were designed by the researcher, which had low-activity, as the precursor to achieve unsaturated ethylene structural polymers curing, but the mechanical properties of the prepared elastomer were poor 13 . Highly active nitrile oxide can make the curing reaction more complete and has better curing effect in the work 14- 17 . Herein, LPB was considered as the matrix, the synthesized N,N-dihydroxybenzene-1,3--dicarboximidoyl dichloride as the precursor reacted with triethylamine to prepare highly active nitrile oxides, and the LPB was cured at room temperature. The mechanical properties, shore hardness, thermal properties and surface properties of elastomer were studied under different curing ratios. Kinetics research was used to explain and optimize the curing reaction process. These researches will have some theoretical and practical implications for the application of nitrile oxides in polymer binders.
EXPERIMENTAL

Material
Benzene-1,3-dicarboxaldehyde (98%) and N-chlorosuccinimide (98%, NCS) were purchased from Shanghai Macklin Biochemichal Co., Ltd. Hydroxylamine hydrochloride, N,N-dimethylformamide (DMF), triethylamine (Et 3 N), dichloromethane (CH 2 Cl 2 ), sodium hydroxide (NaOH) and ethanol (EtOH) were obtained from Kelong chemical reagent factory (Chengdu China). Liquid polybutadiene rubber (LPB), M n = 3000 g/mol, was supplied by Sigma-Aldrich Co., Ltd. All the chemicals were used without further purifi cation.
Characterizations
An FT-IR spectrophotometer (PE, Nicolet5700, America) was used in recording the IR spectra of compounds and the polybutadiene elastomers. The infrared spectra (FT-IR) of the samples were scanned from 4000 cm -1 to 400 cm -1 , with a resolution superior to 0.5 cm -1 . 1 H NMR and 13 C NMR spectra were recorded on a 600 MHz NMR spectrometer (Bruker, Avance600, Switzerland) with DMSO-d 6 as solvent. The mass spectrographic analysis of the compound was carried out with LC/MS instrument (Varian, 1200L, America) with an ESI source. The melting point of compounds was tested by melting point instrument (Kehang, Ry-1G, China). The components of the compounds were determined by elementary analysis (Elementar, Vario ELCUBE, Germany).
According to GB/T 528-2009 (China) "Rubber, vulcanized or thermoplastic-determination of tensile stress--strain properties", the tensile stress and the elongation at break of the elastomers were measured by putting the dumbbell-shaped sample (size: 100 × 8 × 2 mm 3 ) on the temperature controlled electronic universal material testing machine (MTS, C45.504, China). The stress--strain measurements were performed at 25 o C and the stretching rate was 100 mm/min.
Based on the GB/T 6031-1998 (China) "Rubber, vulcanized or thermoplastic-Determination of hardness", shore hardness of the elastomers were investigated by a shore durometer. Each sample was measured for fi ve times and the results were averaged.
Thermogravimetric analysis of the elastomers was carried out using TGA instrument (SDT, Q600, TA company, America) under nitrogen atmosphere fl ow of 100 mL/min by increasing the temperature from ). Each sample was tested at least three times and the results were averaged.
A fi eld emission scanning electron microscope (FE-SEM) image of the fracture surface of the elastomers were obtained on a Zeiss Ultra 55 scanning electron microscope (SEM) with an accelerating voltage of 15 kV.
Differential scanning calorimetry analysis was carried out under nitrogen fl ow rate of 50 mL/min to evaluate the effects of curing agent at different heating rates (b = 5, 10, 15, 20 and 25 o C/min) to calculate the kinetic parameters of the curing system by using DSC analyzer Q2000 (TA company, America).
Synthesis of benzene-1,3-dicarboxaldehyde dioxime
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A solid of hydroxylamine hydrochloride (0.24 mol) was added to a solution of benzene-1,3-dicarboxaldehyde (0.1mol) in ethanol (17 mL) with stirring at refl ux. Sodium hydroxide (0.22 mol) was added to the reaction solution followed by the sodium chloride was precipitated. After being stirred for 3 h at 78 o C, the solvent was removed by evaporation, and the reaction mixture was repeatedly washed with water and dried in vacuum to a constant weight. Finally, recrystallization from ethanol yielded a light yellow solid (13.97 g), and the yield was about 85% (as shown in Fig. 1 19 A solid of N-chlorosuccinimide (0.19 mol) was added to a solution of benzene-1,3-dicarboxaldehyde dioxime (0.08 mol) in DMF (13 mL) with stirring at 30 o C, and progress was monitored by potassium iodide-starch test paper throughout the reaction. Once the reaction was accomplished, the mixture was repeatedly washed with ice water which was extracted by ethyl acetate and dried under vacuum to a constant weight. Finally, the mixture was recrystallized by acetone to give a light yellow solid (17.50 g), and the yield was about 93% (as shown in Figure 1 ). 
Synthesis of N,N-dihydroxybenzene-1,3-dicarboximidoyl dichloride
IR (cm -1 ): ν=3231 (N-OH), ν=1634 (C=N), ν=689 (C-Cl)
Preparation of polybutadien elastomers
The dichloromethane suspension of N,N-dihydroxybenzene-1,3-dicarboximidoyl dichloride (7%~12%) and triethylamine (2.1 times) were successively added into a beaker with 24 g LPB at low temperature. Herein, N,N-dihydroxybenzene-1,3-dicarboximidoyl dichloride acted as the precursor, and dichloromethane was the solution. After internal bubbles were eliminated at low temperature, the mixture was poured into the tefl on 
RESULTS AND DISCUSSION
Mechanical Properties
The mechanical behavior of the elastomers added with different amounts of N,N-dihydroxybenzene-1,3--dicarboximidoyl dichloride (precursor) was shown in Fig. 3 , Fig. 4 and Fig. 5 . When content of the precursor increase, the mechanical properties of elastomers including tensile, modulus and shore hardness are all greatly improved. The crosslinking point of the formed elastomer increased with the content increase of the precursor, and the crosslinking network was compact (as shown in the preparation mechanism of the elastomer in Fig. 6 ). The tensile strength of the elastomers increased from 0.14 MPa to 0.33 MPa. The curves of elongation at break showed the inverse tendency with increasing tensile strength and modulus of the elastomers, and the elongation at break decreased from 145% to 73%. The modulus of the elastomers incr eased from 0.09 kPa to 0.47 kPa, and the shore hardness of the elastomers increased from 16.3 Ha to 32.9 Ha. In fact, the in creasing of cross-linking density often shortens the distance between cross-linking points, which contribute to the inhibition of the segment motion in the elastomers.
It is well known that benzene ring and is oxazoline ring inhibit the free rotation of individual main chain segments, which results in the reduction of chain fl exibility 20 , because the hindrance of rotation offered by isoxazoline ring in the elastomers was greater with the increasing of the precursor amounts 21 . As a result, tensile strength and shore hardness for the elastomers become better with the content of the precursor increase. Considering the higher rigidity of polymers chain with increasing benzene ring and isoxazoline ring in elastomers, the modulus of elastomers using polybutadiene as soft segment was investigated
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. And the results showed higher modulus of the elastomers with the increasing of the precursor amounts.
Thermal Properties
The glass transition temperature (T g ) of elastomers was analyzed by DSC as shown in Fig. 7 . It is observed that the T g shifted to higher temperature with increasing N,N-dihydroxybenzene-1,3-dicarboximidoyl dichloride. The glass transition temperatures of different systems depend on their own cross-linking density and chain 
FT-IR analysis
In order to observe the cross-linking reaction, IR measurement was conducted on LPB and elastomers. FT-IR provides an effi cient way to analyze the curing progress as shown in Fig. 9 . The absorption peak of the nitrile group (CN) was at around 2489 cm -1 for cured elastomers, which was obviously not observed in LPB. New absorption peaks at 2680 cm -1 correspond to the stretching vibration of the ammonium salt of N + H in the cured elastomers. New peak at 1704 cm -1 attributed to the absorption of the isoxazoline ring of C=N, indicating the formation of isoxazoline ring during the curing process. The typical absorption peak of the O-H around at 3006 cm -1 , 2923 c m -1 and 2848 cm -1 was observed in LPB and elastomers. The characteristic peak of the C=C at 1650 cm -1 was observed in the two samples. After the curing reaction was basically completed, the excess nitrile oxide the free volume within the system reduced resulting in the restrict segment motion of elastomers. Thus, the corresponding T g increases. The thermal stability of the cured elastomers was investigated by TGA. TGA curves of the cured elastomers were given in Fig. 8 , and the detailed data were listed in Table 1 . Residual C=C bonds were secondary cured by auto--oxidation in the process of temperature rise. However, the time of secondary curing was longer through self--oxidation mode which was due to the number of double bonds increase. Remained C=C bonds decreased the content increase of curing agent in the elastomer, and the secondary curing was weakened by the auto-oxidation mode. Thus, it can be seen from the fi gure 8 that when the content of N,N-dihydroxybenzene-1,3-dicarboximidoyl dichloride is 7%, the thermal stability of the elastomer is the best, and which is 12%, the thermal stability of the elastomer is the worst at the same temperature.
The thermal decomposition characteristic of cured elastomer was studied using thermo gravimetric analysis Table 1 . The TGA test results of under different curing rate of elastomers a typical brittle fracture or a typical ductile fracture in Fig. 10e. From the images of Fig. 10e , we can see that the brittle fracture of the elastomer (circle ) is obvious, and circle  belongs to the ductile fracture at the same resolution. The fracture surface of elastomer in Fig. 10f exhibits a brittle fracture. From Fig. 10f it can be clearly observed that at 10m resolution, products' burr can be observed in the frac ture surfaces of elastomer. A wide range of burr appeared in the elastomer, as shown arrows in Fig. 10f. It was found that, Fig. 10f shows that many tearing ridges of sharp edges were observed at the fracture surfaces of elastomer, indicating that the main fracture mode of elastomer is brittle fracture. Increasing the amount of the precursor in the elastomers resulted in dramatic changes, which were the reduction of ductile fracture and the increase of brittle fracture, in the structure of fracture surfaces.
Contact angle of the cured elastomer
The different elastomers were cured in a rectangle model with a dimension of 80 × 10 × 5 mm 3 for contact angle measurement as shown in Fig. 11 . When the content of the N,N-dihydroxybenzene-1,3-dicarboximidoyl in the elastomer no longer undergoes the dipole ring addition reaction, so the CN stretching vibration peak appeared in the elastomer. Figure. 10 shows SEM images of the elastomers added with different amounts of the N,N-dihydroxybenzene-1,3--dicarboximidoyl dichloride (the precursor). SEM technique was used for observing the surface morphology of fracture surfaces in materials. In Fig. 10 (a-d) , many s mooth tearing ridges and a small number of holes were observed at the fracture surfaces under SEM. Figure. 10a shows SEM images of fractured surface morphology of the elastomer exhibiting some relatively smooth tearing ridges at 1,000 times of magnifi cation.
Morphological study
The fracture surface of the elastomer with 8% of the precursor still has smooth edges, though the tearing ridges length of which decrease. As the dosage of the precursor increase to 10%, the length of tearing ridges continues to shorten, and the fracture surface becomes rough as show in fi g. 10c-d, which is taken as typical ductile fracture features. Moreover, the fracture of the material is a mixed ductile-brittle fracture, nor it is dichloride increases from 7% to 12%, contact angle increases from 61.24° to 83.78°, then reduces to 66.37°. The highest contact angle is obtained when the addition of the precursor is 11%. The increase of the contact angle is mainly attributed to the introduction of isoxazoline ring which is hydrophobic into LPB backbones. Isoxazoline ring is a weak polar group, generated from the reaction of 1,3-dipolar cycloaddition of isophthalonitrile oxides and C=C bonds in LPB. The interaction between the surface of the elastomer and water reduces due to the hydrophobic group on the material surface. The amount of isoxazoline increases with the increase of the precursor, leading to the increase in contact angle of the elastomer. However, almost all the C=C double bonds in LPB were consumed when the proportion of the precursor is higher than 11%, giving rise to only a little increase of isoxazoline ring. Thus, the network structure of the elastomer was completed. Uncured isophthalonitrile oxides began to react through self-polymerization to give a fi ve-membered heterocyclic compound whose exposed oxygen atom forms hydrogen bond with water. The number of hydrogen bonds increases with self-polymerization of isophthalonitrile oxides, as the curing degree of the elastomer increases. As a result, the contact angle of the elastomer decreases with the excess addition of the precursor. Consequently, the elastomer with the optimum hydrophobicity is obtained when the precursor content reaches 11%.
Eff ect of heating rate on curing reaction
The kinetic s of curing reaction was analyzed by non--isothermal DSC method. The initial temperature T i , peak temperature T p and end point T f of the curing exothermic peak at different heating rates were obtained from the DSC chart 25 . Figure 12 is the DSC curves of elastomers with the content of the precursor from 7% to 12% at different heating rates. It can be seen that the initial temperature, peak temperature and end point temperature of each curing reaction increases with the increase of the heating rate. During the curing process of elastomers, the thermal inertia and heat fl ux increased with the heating rate, and the difference in temperature caused by the thermal effect became larger, so the exothermic curing peak shifted to high temperature. At a lower rate of heating, the curing system has suffi cient time to react, so the curing reaction of the system could also occur at low temperature. The release of the reaction heat follows the temperature change, which shows that the curing reaction can be carried out at a relatively low temperature. With the heating rate increasing, the curing of the system was too late to react, the release of heat can not keep up with the temperature changes, and the curing reaction began to happen at higher temperature.
Determination of curing process conditions
Curing temper atures of the curing system are different when the heating rate changes, and the peak temperatures are also different during the whole curing reaction process, and then this makes it diffi cult to determine the curing temperature of the elastomers in the practical curing process. In order to obtain accurate and reliable system characteristic curing temperature, the T-β extrapolation method was used to obtain the curing temperature when the heating rate of β was 0 o C/min 26 . At different heating rates, the initial temperature, peak temperature and termination temperature of the DSC curve of the elastomer were plotted against the heating rate (b) and linearly fi tted as shown in Fig. 13 
The kinetic parameters of the curing system
The analysis and calculation of the curing reaction kinetic parameters of the elastomers have an important signifi cance for its application in industry. The value of apparent activation energy (E a ) can directly refl ect the degree diffi culty of the curing reaction in the system. In addition, the parameter of reaction series n is usually used to describe the complexity degree of the curing reaction system. In this work, Kissinger, Owaza and Crnae e quations were used to obtain the linear relation diagrams of ln(β/T 2 p ) and lnβ to 1/T p , and then the curves were processed by linear fi tting method 27-28 . Finally, the values of the apparent activation energy E a and the reaction order n of the system were obtained through the above analysis and calculation.
The apparent activation energy of the curing reaction of the system can be obtained by Kissinger equation as the following equation 1:
Where, b represents the heating rate, K/min; T P is the peak temperature, K; E a is the apparent activation energy, J/mol; R is the perfect gas constant with the value of 8.314 J/(mol · K).
The linear relationship between ln(/T P 2 ) and 1/T P can be obtained through Kissinger equation, fi tting to get a straight line, the curve was shown in Fig. 14 . The results were calculated in Eq.1 and the value of the apparent activation energy Ea was obtained.
The apparent activation energy can also be calculated using the Owaza method as the following equation 2: The parameters in the formula are same as equation 1. The linear relationship between ln and 1/T P can be obtained through the Owaza equation, fi tting to get a straight line, the curve was shown in Fig. 15 . The results were calculated in Eq. 2, and the value of the apparent activation energy Ea was obtained.
According to the relevant researches, the reaction order n of the curing reduction can be obtained by calculation of the Crnae equation which was shown in Eq. 3. Here, the value of E a /nR is much larger than that of 2T p in the Crnae equation, so Eq. 3 can be simplifi ed into the form of Eq. 4. The linear relationship between lnβ and 1/T p can be gained through Eq. 2, and the slope of Eq. 4 was obtained by linear fi tting to the curve in Fig. 15 . Table 3 shows the calculated results of apparent activation energy E a and reaction order n. According to the chart, the calculation of activation energy by Kissinger and Ozawa equation were consistent with the law, but in Ozawa equation the activation energy was slightly larger than that in the Kissinger equation. The reaction order was close to 1 and the DSC curve shows a single peak, indicating the curing reaction was similar to the fi rst order reaction, which means that the reaction was easy to proceed.
As can be seen when the content of the N,N-dihydroxybenzene-1,3-dicarboximidoyl dichloride increases there is a systematically increase of apparent activation energy. The 1,3-dipolar cycloaddition reaction of the curing agent and C=C bonds can occur when the energy was greater than E a in the curing system. Effective collisions of -CNO of and C=C bonds of decreases with the increase of curing agent in the curing reaction may be caused by the curved structure of LPB chain changes. However, it can be seen from the calculation results that the E a of each curing system was less than 10.10 kJ/mol when the content of N,N-dihydroxybenzene-1,3-dicarboximidoyl dichloride was increased from 7% to 12%. The apparent activation energy was low, so the reaction can proceed at room temperature.
CONCLUSIONS
In order to improve the properties of curing between polymer and nitrile oxide in non-isocyanate curing system, a novel approach aimed at declining the temperature of curing and improving the properties of elastomer was successfully achieved by using of N,N-dihydroxybenzene-1,3-dicarboximidoyl dichloride as the precursor. When the contents of precursor increase,the mechanical properties of elastomer including tensile strength, modulus and shore hardness are all greatly improved. When precursor content of the elastomer increased from 7% to 12%, T g only increase by 2.18 o C. When the content of the precursor is 11%, the contact angle of the elastomer reaches 83.78 o and the hydrophobicity of the elastomer was the best, fracture surface is mainly brittle fracture, these results demonstrates that the curing reaction was basically completed. The kinetic study shows that the curing reaction is a fi rst order reaction, the apparent activation energy increases with the increase of the N,N-dihydroxybenzene-1,3-dicarboximidoyl dichloride.
